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$EVWUDFW
,VODQGLQJ GHWHFWLRQ LV D QHFHVVDU\ IXQFWLRQ IRU JULG FRQQHFWHG GLVWULEXWHG JHQHUDWRUV ,VODQGLQJ GHWHFWLRQ PHWKRGV FDQ EH
FODVVLILHGDV WZRFDWDORJXHV UHPRWHGHWHFWLQJPHWKRGVDQG ORFDOGHWHFWLQJPHWKRGV0RVWRI WKHPKDYH OLPLWDWLRQDQGGHIHFWV
ZKHQWKH\DUHDSSOLHGLQSKRWRYROWDLFSRZHUVWDWLRQV5HFHQWO\6\QFKURQRXVPHDVXUHPHQWLVSURSRVHGWREHDSSOLHGIRULVODQGLQJ
GHWHFWLQJ$OWKRXJKWKHLVODQGLQJGHWHFWLRQPHWKRGLVVXSSRVHGWREHDSSOLHGLQWUDGLWLRQDOEXONSRZHUV\VWHPVLWLVDOVRVXLWDEOH
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ZLWK'*VWKDWKDYHDVXIILFLHQWFDSDFLW\WRPHHWWKHORDGGHPDQGDQLVODQGLQJRSHUDWLRQPD\VXVWDLQWKHSURFHVV
7KLV LVODQGLQJ RSHUDWLRQ PD\ FDXVH SRZHU TXDOLW\ SUREOHPV LQWHUIHUH ZLWK VXUURXQGLQJ FXVWRPHUV¶ UHVWRUDWLRQ
FUHDWHVDIHW\KD]DUGVIRUOLQHUHSDLUFUHZVSRVVLEO\GDPDJLQJFXVWRPHUV¶ORDGVRUKDUPLQJ'*WKHPVHOYHVGXULQJ
PDLQEUHDNHURXWRISKDVHUHFORVLQJZLWKRXWV\QFKURQL]DWLRQ7KHGLVWULEXWHGSRZHUV\VWHPLVUHTXLUHGWRKDYHWKH
DELOLW\ WR GHWHFW LVODQGLQJ FRQGLWLRQ LH WKH VLWXDWLRQ LQZKLFK GLVWULEXWHG JHQHUDWRUV FRQWLQXH JHQHUDWLQJ SRZHU
ZKHQ WKH\ DUH QRW FRQQHFWHG WR WKH XWLOLW\ JULG ,VODQGLQJGHWHFWLRQ PHWKRGV FDQ EH FODVVLILHG LQWR WZR PDLQ
JURXSVORFDOLVODQGLQJGHWHFWLRQPHWKRGVDQGUHPRWHLVODQGLQJGHWHFWLRQPHWKRGV














D JULG YDULDEOH VXFK DV YROWDJH SKDVH RU IUHTXHQF\ 2QH LQFRQYHQLHQFH RI WKHVH PHWKRGV LV WKDW WKH\ SURGXFH
GLVWXUEDQFH LQ WKHJULGZKLFK VKRXOGEHNHSW DV VPDOO DVSRVVLEOH IRUREYLRXV UHDVRQV)XUWKHUPRUH LQWHUIHUHQFH
EHWZHHQ'*VFDQRFFXULQPXOWLLQYHUWHUSDUDOOHOVLWXDWLRQV
1.2. Remote islanding detection methods 
5HPRWH LVODQGLQJ GHWHFWLRQ PHWKRGV   DUH DOVR FDOOHG &RPPXQLFDWLRQ EDVHG LVODQGLQJ GHWHFWLRQ PHWKRGV
7KHVHPHWKRGVFDQEHGLYLGHGLQWKUHHJURXSVLHVXSHUYLVRU\FRQWURODQGGDWDDFTXLVLWLRQEDVHGPHWKRGVPHWKRGV




,Q SKRWRYROWDLF SRZHU VWDWLRQ LVODQGLQJ GHWHFWLRQV DUH FRPPRQO\ HPSOR\V ORFDO LVODQGLQJ GHWHFWLRQ PHWKRGV
ZKLFK DUH HPEHGGHG RQ JULGFRQQHFWHG LQYHUWHUV 7KH LQYHUWHUEDVHG LVODQGLQJ GHWHFWLRQ PHWKRGV FRPH IURP
GLVWULEXWHG SKRWRYROWDLF SRZHU JHQHUDWLRQ V\VWHP DQG GRHVQ¶W VXLWDEOH IRU WKH SRZHU VWDWLRQ FRQWDLQLQJ URWDWLQJ














QHWZRUNHJ(WKHUQHW7KLVFDWDORJXH LVODQGLQJGHWHFWLRQPHWKRGV LVGHQRWHGDVĀ308EDVHG LVODQGLQJGHWHFWLRQ
PHWKRGāLQWKLVSDSHU 
2.1. Principle of PMU-based islanding detecting method2,7
)LJ H[SUHVV WKH VWUXFWXUH RI V\QFKURQRXVPHDVXUHPHQWZKLFK XVXDOO\ LPSOHPHQWHG E\ SKDVRUPHDVXUHPHQW
XQLW308LQHOHFWULFSRZHUV\VWHPV*36WLPLQJUHFHLYHUDXWRPDWLFDOO\DFTXLUHVDQGWUDFNVVDWHOOLWHVSURYLGLQJ
*36WLPHRU&RRUGLQDWHG8QLYHUVDO7LPHIRU308ZKLFKDFFRPSOLVKFDOFXODWLRQRQPHDVXUHGYROWDJHFXUUHQW$V
LQ )LJ FDOFXODWHG IUHTXHQF\ RI QRGH $ DQG % FDQ EH WUDQVPLWWHG WR FHQWUDO PDQDJHPHQW XQLW WKURXJK
FRPPXQLFDWLRQQHWZRUN:KHQWKHSRZHUV\VWHPLVLQVWDELOLW\DQGFRQQHFWHGWKHIUHTXHQFLHVRIQRGHV$DQG%DUH






2.2. Optimization needs of PMU-based islanding method 
$W\SLFDO308EDVHGLVODQGLQJGHWHFWLRQDOJRULWKPLVH[SUHVVHGLQ)LJ7KHORFDOIUHTXHQF\LVFRPSDUHGZLWK
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:KHUH fi(t) LV WKH ORFDO IUHTXHQF\ YDOXH PHDVXUHG DW WKH WLPH t fth(t) LV WKH WKUHVKROG YDOXH IRU IUHTXHQF\
GLIIHUHQFH LQ LVODQGLQJGHWHFWLRQ DOJRULWKP DQGTth  WKH WKUHVKROGYDOXH IRU WKHGXUDWLRQRI WLPH WKDW FRQGLWLRQ LV
PHW




2.3. Performance of frequency difference in generator trip and islanding occur 
:KHQ SRZHU JULG LV GLVWXUEHG E\ JHQHUDWLRQ WULS DQG SRZHU XQEDODQFH RFFXU IUHTXHQF\ YDULDWLRQZLOO VSUHDG
DORQJ WKHJULGDQG UHVXOW LQ IUHTXHQF\GLIIHUHQFHEHWZHHQQRGHV LQ VSDFHDQG WLPHZKLFKPD\FRQIXVH LVODQGLQJ
GHWHFWLRQ MXGJPHQWV 7R GLVWLQJXLVK LVODQGLQJ FRQGLWLRQ DQG LPSURYH WKH DFFXUDF\ IRU LVODQGLQJ GHWHFWLRQ D



























A. Disturbance of generation trips on frequency difference 
6XSSRVH WKHUH LV DJHQHUDWLRQ WULS '* WULSRI09$LQ WKHJULGRFFXUV WKH IUHTXHQF\GLIIHUHQFHEHWZHHQ
308DQG308LVVKRZQLQ)LJJHQHUDWLRQWULSRFFXUVDWVZLWKWKHVLPXODWLRQSDUDPHWHUVLQ7DEOH

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
)LJ)UHTXHQF\GLIIHUHQFHEHWZHHQ308DQG308IRUJHQHUDWLRQWULSRI0:DQG0:





,WFDQEHVHHQIURP)LJ WKDW WKH IUHTXHQF\GLIIHUHQFHGHFUHDVHDQGUHDFKVWDEOHZLWKLQVDIWHUDQ LVODQGLQJ
RFFXUV 7KH FRQWUDVW VLPXODWLRQ UHYHDOHG WKDW LI GLVWXUEDQFH RFFXU LQ SRZHU JULG IUHTXHQF\ YDULDWLRQZLOO VSUHDG
DORQJWKHJULGDQGUHVXOWLQIUHTXHQF\GLIIHUHQFHEHWZHHQQRGHVLQVSDFHDQGWLPH7KHSHUIRUPDQFHRIQRUPDOJULG
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)LJ6FKHPDWLFRID6\QFKURQRXVPHDVXUHPHQWXQLWDQGEVLQHZDYHVKDSLQJFLUFXLW




IHDWXUHV RI 00 WLPLQJ UHFHLYHU LQFOXGH SUHFLVH SURJUDPPDEOH RQHSXOVHSHUVHFRQG 336 RU 
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7KHSURFHVVRIV\QFKURQRXVPHDVXUHPHQWLVDVIROORZLQJ7KHVLJQDOIURPYROWDJHWUDQVGXFHULVWUDQVIHUUHGLQWR
VTXDUHZDYHE\DVLQHZDYHVKDSLQJFLUFXLWZKLOH WKHIUHTXHQF\DQGSKDVRU LV LQV\QFKURQRXV&DSWXUHXQLWRI 
GVSFRQWUROOHULVHPSOR\HGWRFDSWXUHWKHSXOVHIURPSSVDQGWRDFKLHYHV\QFKURQRXVPHDVXUHPHQW,QWKHPHDQ









3.2. The central management unit 




















QHWZRUN ,W SURYLGHV D FRQYHQLHQW SODWIRUP WR GR H[SHULPHQWV GHYHORS RSWLPL]DWLRQ UHVHDUFK DQG YDOLGDWH WKH
308EDVHGLVODQGLQJGHWHFWLRQWHFKQRORJ\
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